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(57) ABSTRACT

This invention relates to a kit and a method for the collection
and analysis of complex protein mixtures. More particularly,
the invention relates to a kit comprising a single barrel filtra-
tion well or a multi-well filtration plate wherein each well
comprises an upper filtration zone; a lower filtration zone; a
conical flow director zone; and, an elution tip, wherein the
upper filtration zone and the lower filtration zone are sepa-
rated by a retainer ring disposed within the lower filtration
zone. The upper filtration zone comprises an upper collection
zone, a sponge zone, and a deep bed filtration zone; and, the
lower filtration Zone comprises the retainer ring, a supported
hydrophilic membrane and a lower bed filtration media.
When used with an array of selected buffer solutions, the
multi-well filtration plate can provide accurate, automated,
high-throughput protein analysis by affinity chromatography.

30 Claims, 10 Drawing Sheets
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1
APPARATUS AND METHOD FOR PARALLEL
COLLECTION AND ANALYSIS OF THE
PROTEOME AND COMPLEX
COMPOSITIONS

FIELD OF THE INVENTION

This invention concerns generally with an apparatus and a
method for the parallel collection and analysis of complex
protein mixtures. The method provides for the separation and
the isolation of complex protein mixtures. More particularly,
the invention relates to a kit comprising multifunctional
reagents and a multi-layer filtration device that provides the
simultaneous and parallel separation and isolation of com-
plex protein mixtures.

BACKGROUND

The study of proteomics encompasses the study of indi-
vidual proteins and how these proteins function within a
biochemical pathway. Proteomics also includes the study of
protein interactions, including how they form the architecture
that constitutes living cells.

In order to isolate the individual proteins for the complex
mixtures and characterize the properties on the proteins, tech-
niques such as affinity chromatography are employed. Affin-
ity chromatography is a method for separating protein mix-
tures and based on a very specific biological interaction, for
example, interactions between an antigen and an antibody, or
an enzyme and a substrate. Affinity chromatography entails
the ability to design a chromatography that reversibly binds
the protein to a known subset of molecules.

Protein complexes are now routinely immunoisolated from
cell lysates via an affinity tagged member of the complexes.
Affinity chromatography has become suitable for any organ-
ism for which there is an affinity handle for at least one of its
proteins. This technology is widely used because of the rela-
tive ease of incorporating a genomic tag by homologous
recombination, and also to the commercially available TAP-
tag (tandem affinity purification) collection of dual affinity-
tagged proteins. The immunoisolation technique is an excep-
tionally powerful method for rapidly and efficiently
extracting a protein complex from cell lysate under condi-
tions that attempt to preserve in vivo protein interactions.

US Patent Publication 2007/0077600A1, discloses that a
common problem with the TAP-tag methods is the co-enrich-
ment of proteins that associate non-specifically with affinity-
tagged proteins. The 2007/0077600A1 publication proposes
amethod of determining whether or not associations between
a given protein and other proteins in a cell are specific.

In an article entitled, “Experimental Approaches to Pro-
tein-Protein Interactions,” by Mike P. Williamson and
Michael J. Sutcliffe, it is disclosed that although there is an
increase in demand for the high throughput analysis tech-
niques like the TAP-tag method, these methods suffer from
the problem that they depend on the formation of dilute solu-
tions outside of the cell, and even though these methods
employ mild interactions to isolate and purify individual pro-
teins, weak interactions between proteins are lost. Generally,
the intercellular environment is crowded, with protein occu-
pying up to about 40 percent of the total fluid volume of the
cell. Thus, within the cell, the protein-protein interactions
will be stronger than they would be in dilute solution. There-
fore, methods for purification outside the cell implies that
weaker interactions will be lost.

Protein-protein interactions are typically identified and
characterized by means of low-throughput biophysical meth-
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ods. These biophysical methods may include nuclear mag-
netic resonance (NMR), crystallography, spectroscopic
methods, chromatographic, mass spectroscopic, and calori-
metric methods. Current methods are either low resolution
and somewhat unreliable, or high resolution and low through-
put.

There is also a need to develop technologies for analysis of
the proteome that allow scaling up to industrial levels with the
features of an industrial process: high accuracy, reproducibil-
ity and flexibility in that the process is high-throughput,
automatable and cost-effective. There is a need to develop
technologies that permit probing and identification of pro-
teins in their native conformation using automated protocols
and systems. In particular, there is a need to develop strategies
and technologies for identification and characterization of
hydrophobic proteins under physiological conditions.

This information can be gathered slowly in serial, or rap-
idly in parallel. Moreover, when this information is gathered
in parallel, it has emergent-value related to the pattern of the
information that is generally not obtained, or not equivalently
obtained, in conventional serial fashion. Prior attempts for
analysis of the proteome by affinity chromatography methods
using a multi-well format have experiences problems in the
stability of the well structure and uneven flow or plugging in
the filter media.

It is desired to have a stable multi-well filtration system
with uniform distribution of fluids throughout the multi-well
filter when using centrifugation methods or positive pressure
methods to provide the collection of interacting proteins in an
affinity chromatography process.

SUMMARY

Applicant has discovered an apparatus and a method for the
simultaneous and parallel collection and analysis of the pro-
teome using a stabilized multi-well filtration device in com-
bination with a structured array of buffer solutions in an
affinity chromatography process. Applicant’s stabilized well
structure overcomes problems such as bed compression and
filter media migration when the multi-well filtration device is
employed with centrifugation or positive pressure methods to
filter fluids through the multi-well filter. In addition, when
applicant’s multi-well filtration apparatus is employed in
conjunction with a structured array of buffer solutions in an
affinity chromatography process, the results are characterized
by high accuracy and reproducibility. Furthermore, variations
in the structured array of buffer solutions can provide flex-
ibility in that the process can be adapted to high-throughput,
automatable, and cost-effective proteome analysis.

In one embodiment, the present invention is a multi-well
filter plate for the simultaneous and parallel purification and
analysis of interacting proteins by affinity chromatography.
The multi-well filter plate comprises a plurality of filtration
wells. Each filtration well comprises an upper filtration zone,
a lower filtration zone, a conical flow director zone, and an
elution tip. The upper filtration zone and the lower filtration
zone are separated by a retainer ring disposed within the
lower filtration zone. The retainer ring permits fluid commu-
nication between the upper filtration zone and the lower fil-
tration zone. The upper filtration zone comprises an upper
collection zone, a sponge zone, and a deep bed filtration zone.
The lower filtration zone comprises the retainer ring, a sup-
ported hydrophilic membrane, and a lower bed filtration
media. Each of the filtration wells may be employed singly or
disposed in generally rectangular arrays of 6, 24, 96, 192, and
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384 total filtration wells, in arrangements of 2x3, 4x6, 8x12,
2(8x12), or 16x24 foruse with centrifugation or with positive
pressure.

In another embodiment, the present invention is a kit for the
simultaneous and parallel purification and analysis of inter-
acting proteins in an affinity chromatography process. The kit
comprises at least one or more of the following:

a. a collection plate having an array of individual collection
zones,

b. a buffer plate having an array of solvent reservoirs corre-
sponding the array of individual collection zones in the
collection plate,

c. a multi-well filter plate comprising a plurality of filtration
wells, each filtration well being aligned with the array of
individual collection zones of the collection plate, wherein
each filtration well, comprises an upper filtration zone, a
lower filtration zone, a conical flow director zone, and an
elution tip, the upper filtration zone and the lower filtration
zone being separated by a retainer ring disposed within the
lower filtration zone, the retainer permitting fluid commu-
nication between the upper filtration zone and the lower
filtration zone, said upper filtration zone comprising an
upper collection zone, a sponge zone, and a deep bed
filtration zone, the lower filtration zone comprising the
retainer ring, a supported hydrophilic membrane, and a
lower bed filtration media; and

d. a removable cover plate adapted to seal and cover the
individual collection zones of the collection plate.

In a further embodiment, the invention is a process for the
purification and analysis of interacting proteins in an affinity
chromatography process. The process comprises:
dispensing a portion of cell powder granulates or cell pellets

to be lysed to each individual collection zone of an array of

individual collection zones in a first collection plate at an
effective working temperature;

dispensing an array of solvents disposed in a buffer plate
consisting of an array of corresponding solvent composi-
tions aligned to correspond to the array of individual col-
lection zones of the first collection plate into each indi-
vidual collection zone;

covering the first collection plate with a removable cover
plate adapted to sealably cover each individual collection
zone and agitating the first collection plate to individually
mix the cell powder granulates or cell pellets to be lysed in
each individual collection zone with the array of solvent
compositions to disperse and solubilize at least a portion of
the cell powder granulates or pellets and provide an array
of dispersed and at least partially solubilized protein mate-
rial;

transferring a least a portion of the array of the dispersed and
at least partially solubilized material from the first collec-
tion plate to a multi-layer filtration well in a first multi-well
filter plate having a corresponding array of individual
multi-layer filtration wells, each multi-layer filtration well
being aligned with the array of individual collection zones
of the collection plate, wherein each multi-layer filtration
well, comprises an upper filtration zone, a lower filtration
zone, a conical flow director zone, and an elution tip, the
upper filtration zone and the lower filtration zone being
separated a retainer ring disposed within the lower filtra-
tion zone, the retainer permitting fluid communication
between the upper filtration zone and the lower filtration
zone, the upper filtration zone comprising an upper collec-
tion zone, a sponge zone, and a deep bed filtration zone, the
lower filtration zone comprising the retainer ring, a sup-
ported hydrophilic membrane, and a lower bed filtration
media; and spinning the first multi-well filter plate at an
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effective centrifugation rate or pressurizing the upper col-
lection zone to an effective pressure and collecting an array
of filtrate in a second collection plate having an array of
individual collection zones corresponding to the array of
individual filtration wells and comprising affinity beads;

covering the second collection plate with a second removable
cover plate adapted to sealably cover the individual collec-
tion zones of the second collection plate and batch binding
the filtrate with the affinity beads to provide an array affin-
ity tagged protein material bound to the affinity beads and
unbound protein material;

washing the array of affinity tagged protein material bound to
the affinity beads with the corresponding array solvent
compositions to remove unbound protein material and to
provide a slurry comprising an array of washed affinity
tagged protein material bound to the affinity beads;

transferring the slurry of the washed array of affinity tagged
protein material bound to the affinity beads in the corre-
sponding array solvent compositions to a second filter plate
and therein separating the array of washed affinity beads
from the corresponding array solvent compositions and
retaining said washed array of affinity beads comprising
the affinity tagged protein material in the second filter plate
to provide a retained washed array of affinity beads;

contacting the retained washed array of affinity beads with an
elution solution and incubating the affinity tagged protein
material bound to the affinity beads to interrupt the inter-
action between the affinity beads and the affinity tagged
material; and

centrifugating the second filter plate to provide an array of
elution solution compositions comprising purified affinity
tagged protein material in a second collection plate.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.1is an example illustration of a 96 well filtration plate,
having a deep bed filtration zone of the present invention.

FIG. 15 is an example cross-sectional view of the 96 well
filtration plate of the present invention.

FIG. 2 is an example illustration of a single well of the
multi-well filtration plate of the present invention.

FIG. 3 is an example illustration of an array of filtration
plates and collection plates of the kit of the present invention.

FIG. 4 is an example illustration of a typical buffer array of
capture solvents employed with the present invention.

FIG. 5 is an example process flow diagram of an embodi-
ment of the process for the purification and analysis of inter-
acting proteins in an affinity chromatography process of the
present invention.

FIG. 6 shows a comparison of how example filtration
devices F and I of the present invention compare to centrifu-
gation.

FIG. 7 represents a comparison of the Centrifuged Control
to the filtered samples using devices T, U, and F.

FIG. 8 shows an example of results of the 96-well device
for an analysis of Nupl-PrA powder using the buffer array of
capture solvents shown in FIG. 4.

DETAILED DESCRIPTION OF THE
DISCLOSURE

Provided herein are methods and a kit for the simultaneous
and parallel collection and analysis of the proteome on an
industrial level in a high-throughput format. The methods and
an apparatus or kit of the present invention permit sorting of
complex mixtures of biomolecules. This invention provides a
method to parallelize the process of affinity chromatography.
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This process benefits from parallelization because it is nec-
essary to determine the best conditions for the process empiri-
cally. While there are routine practices, and logical theoretical
underpinnings to these practices, the theory is insufficiently
comprehensive to guide even the expert in the art without
additional information gathered by experimentation.

The present inventive concept pertains to expediting the
time to arrive at best conditions for affinity chromatography
processes—with consideration to the fact that the best condi-
tions are not obvious and not generally able to be obtained
through serial explorations. Moreover, best conditions are a
plurality of conditions that may include any condition which
results in the co-capture of interacting partner proteins (or
other biomolecules) to the protein (or biomolecule) of inter-
est; the affinity-tagged molecule. These conditions can
include different conformations of the protein of interest: as a
monomer or homomultimer, and more generally for the inten-
tion of affinity chromatography for proteomics applications,
as heteromultimer (interacting with at least one other distinct
protein), which may include a plurality of different het-
erodimers facilitated by the different conditions explored;
each particular condition being best for that particular con-
formation of captured protein(s). It should be noted that best
conditions are those where the result is considered to have a
high signal to noise ratio for the captured conformation. That
is, heterologous conformations should consist of physiologi-
cally relevant proteins to the protein of interest (part of the
proteins bona fide interactome) and minimize the presence of
non-physiological interactors. Often, affinity chromatogra-
phy followed by mass spectrometry is the first mode of action
to determine physiological vs. non-physiological interactors
by proteomic means. Moreover, what is considered a high
signal to noise ratio can often only be assessed relative to
other results obtained in other conditions, requiring a broad
exploration to begin to define this space.

Sample Preparation

According to the invention, a cell or biological material
containing an affinity tagged molecule of interest is turned
into a material suitable for dispensing into a multi-well for-
mat filter. The method comprises pulverizing a sample of
cells, comprising a mixture of protein and other biomol-
ecules, by grinding at a grinding temperature of -80° C. or
lower, typically at temperatures reached by cooling with lig-
uid nitrogen, for an effective grinding time to provide a grin-
date. Alternatively, cell pellets can be lysed and used as the
cell material or grindate.

Solvents

Once the cell material or grindate is dispensed or placed
into a multi-well first collection or first extraction plate, the
grindate is exposed to solvent (extraction). The first extrac-
tion plate is maintained at the effective working temperature.
There are many options for the selection of buffer solvents in
the multi-well format. The selection of particular solvents
will depend largely on the scope of the analysis desired. For
example, each well is extracted in a different unique solvent.
However, there are motivations for running samples in dupli-
cate or greater, such as when only small quantities of material
are retrieved, making analysis impossible except by pooling
and combining the output of a given extraction. Hence, the
method of the present invention does not explicitly constrain
the way in which the extraction solutions are arrayed, only
that cell material be placed in a multi-well format, and that an
array of extraction solvent(s) in some combination be applied
to that material. It is generally shown that the results attrib-
uted to a particular unique solvent can only be realized when
the cell material is exposed only to that solvent during the
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extraction process. It is believed that extraction in one sol-

vent, and then transfer to a second solvent, often yields dif-

ferent results.

Extraction Buffer Solvent Matrix Design
Fundamentally, the entire experimental design of the

buffer array is exploratory. In cases of cellular and molecular
biology, and of biochemistry, itis often crucial to establish the
interaction networks of a protein of interest. Knowing these
interactions will allow the researcher to understand in what
cellular pathways the protein is involved and with what other
protein molecules that protein interacts (directly and indi-
rectly) to achieve its activity. In this manner, the cell’s biology
at the protein level is established To make a study of protein
interactions comprehensive, the study must meet the follow-
ing conditions:

a. Provide conditions of protein capture that are favorable for
abroad array of different protein-protein interactions. Thus
allowing the diversity of interactions formed by a given
protein of interest to be captured intact, and be observed.

b. Results must be physiologically relevant. The purification
procedure generates few artifacts and false positives while
being of high sensitivity (i.e., favorable receiver operating
characteristics).

Itis believed that in developing the buffer solvent array, the
major points to be considered in the selection of the particular
buffer solvent array are buffer type and pH, salt type or types
and ionic strength, how salts interplay with one another and
with pH and detergent, and how detergents interplay with one
another and with pH and salts.

The complexity of these buffer solvent systems is signifi-
cant. The parameters are based on some theory, but primarily
the screen for useful reagents and working conditions is
empirical. The selection of the working pH of the affinity
interaction used for protein capture is critical and will deter-
mine the buffer choice. This is typically from pH 6-8 (within
the physiological range). Different buffers at the same pH and
concentration have been observed to affect purification
results, at least subtly. Preferably, the concentration of the pH
buffer should generally be somewhere between 20-100 mM,
and more preferably, the concentration of the pH buffer
should generally be somewhere between 20-40 mM. Most
particularly, the pH concentration should be at concentration
which is effective to maintain the cell extract at the desired pH
without altering the solvent conditions such that interplay
between salts (and other salts) and detergents (and other
detergents) are altered. The best guide is some modest amount
more than the minimum amount of buffering agent required
to assure sufficient buffering strength to equilibrate the pH of
the dispersed and/or at least partially solubilized cell extract
(which can often be acidic) to the desired working pH of the
affinity chromatography. This assures a uniformly equili-
brated pH across samples, and minimizes experimental varia-
tion within a buffer/pH condition explored.

Salts greatly influence many aspects of an extraction,
including solubilization of cellular material into the solvent,
as well as the protection or destruction of molecular confor-
mation and intermolecular interfaces from solvent penetra-
tion (and therefore disruption). It is not believed to be impor-
tant that salts are at “physiological” concentrations or even
that the salt itselfis “physiological.” Moreover, the definition
of physiological can be elusive, in addition to the fact that
there is little innately physiological about the context of an
affinity chromatography.

There are two classes of salts that are generally considered
in this context: chaotropes and kosmotropes. It is generally
expected that some optimal interplay between the two classes
exists for any given purification. On the one hand there is the



US 9,084,994 B2

7

extraction, and prevention of nonspecific interactions form-
ing in the artificial environment of the extract (i.e. outside the
cellular milieu), usually the function of the chaotrope, and on
the other hand there is the protection of physiological inter-
actions from being themselves disrupted, usually the function
of the kosmotrope. These can be two different salts (com-
posed of 4 ionic parts between them), but even a single salt
may often have one ionic component that is chaotropic, and
another that is kosmotropic. There are generalities by which
certain salts have been observed to be more or less generally
stabilizing or destabilizing, and these generalizations can be
heavily concentration dependant (not necessarily increasing/
decreasing linearly). Many of these generalities are well rep-
resented by the Hofmeister series of anions and cations. This
is a field under continuous development. The buffer solvent
array of the instant invention can use only a single salt, but can
also combine salts of a chaotropic nature with one of a kos-
motropic nature, in varying proportions. The aim is to hit
upon the critical combination for best signal to noise in a
given purification.

Detergents can also greatly affect the outcome of an extrac-
tion of biological material and can be included in the buffer
solutions. Detergents participate extensively in the preven-
tion of non-specific binding of proteins to one another outside
of the cellular milieu; they stabilize proteins with hydropho-
bic regions present at the solvent interface, and they can
extract membrane bound proteins—transferring them from
the insoluble to the soluble fraction of an aqueous-phase
extraction. There are several classes of detergents, generally
speaking there are nonionic, ionic (+ or - charged), and
zwitterionic—each class has particular general properties,
but their effects on an extraction are not necessarily immedi-
ately obvious. Similarly, mixing detergents results in new
properties not immediately obvious. Finally, the effects of
detergents on the system will be affected by the pH and the
salt type(s) and concentration as well.

There are a number of other potential additives or reagents
which share distinct and related properties with the above
components of the buffer solutions. These reagents and their
interplay are tools by which some unknown or poorly defined
aspects of the intracellular milieu are replicated, resulting in
the capture of protein interactions that require that milieu to
remain sufficiently stable for affinity capture. Since the milieu
of the cell is not monolithic, often many conditions must be
screened, empirically, to find the regions where different
types of protein interactions are extracted and stabilized in
order to be captured and visualized. The example of a buffer
solvent array of extraction solvents in a 96-well format
employed in the present invention is shown in FIG. 4, and
described hereinbelow. The buffer array of FIG. 4 provides
one embodiment of a platform for the screening method of the
present invention. The buffer array of FIG. 4 has three basic
characteristics. Three pH levels 7.0, 7.4, and 8.0 are repre-
sented by three buffering agents: Ammonium Acetate, Hepes,
or Tris (See table below.), respectively.

Abbreviation Chemical Name

AmAc,pH 7 Ammonium Acetate, CH;COONH,
HEPES, pH 4-2-hydroxyethyl-1-piperazine ethane
7.4 sulfonic acid

Tris, pH 8 Tris(hydroxymethyl)methylamine
KOAc Potassium Acetate, CH;CO,K
Na3Cit Trisodium Citrate

KcCl Potassium Chloride

NacCl Sodium Chloride

TRITON X- Polyethylene glycol mono [4-(1,1,3,3-
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-continued

Abbreviation Chemical Name

100%* tetramethylbutyl)
phenyl] ether

TWEEN 20%* Polyoxyethylene-20-sorbitane
monolaurate

CHAPS 3-[(3-cholamidopropyl)

dimethylammonio]-1-propanesulfonate

*TRITON X-100 (Available from Acros Organics)
**TWEEN 20 (Available from Fisher BioReagents)

Amongst these buffering agents, Ammonium Acetate (a
moderate kosmotrope), being both a buffer and a salt was
varied by concentration. In the case of Hepes, a marginal
kosmotrope (KCl) was mixed with a moderate kosmotrope
(K-Acetate). In the case of Tris, a marginal chaotrope (NaCl)
was mixed with a strong kosmotrope (Na-Citrate). In all
cases, three detergents were tested: a strong non-ionic deter-
gent (TRITON X-100, Available from Acros Organics) and
mild non-ionic detergent (TWEEN 20, Available from Fisher
BioReagents), and a zwitterionic detergent (CHAPS).

Employing the exploratory method of the instant invention,
more complete sets of interacting partners were discovered in
a single week compared to similar discoveries of interacting
partners which required years to produce employing serial
testing methods. The current design of the buffer solvent
array has been refined over several trials, but is by no means
a final or static solution. The composition of the matrix is
expected to grow as new conditions are discovered/tested.
Since there are a finite number of wells, a user will have to
select some initial broad composition, and refine the array
further based on experimental results. On the other hand, if
initial data exists, the buffer array of solvents can be estab-
lished around the parameters for co-puritying known inter-
acting partners as a starting point.

Solubilize Proteins in Array of Solvents

Hence, cell material, such as grindate or cell pelles to be
lysed (disrupted), is distributed to a multi-well plate. Gener-
ally, the cell grindate or the cell pellets to be lysed is dispensed
to a collection plate at an effective working temperature of
from -801t0 37° C., and preferably the cell grindate or the cell
pellets to be lysed is dispensed to a collection plate at an
effective working temperature of from -80 to 25° C. The
dispensed cell grindate or cell pellets to be lysed is then
exposed to an array of unique buffered solvents respectively
in individual collection zones in a collection plate. The buft-
ered solvents comprise at least one ingredient such as a salt, a
detergent, or a buffering compound in water. According to the
current invention, the collection plate containing the cell grin-
date of cell pellets to be lysed and a buffer solution from the
array of buffered solvents is covered and agitated to disperse
and at least partially solubilize the protein material. Dispersal
of the cell material or grindate can be achieved in any well-
know manner, such as covering and mechanically agitating
the covered collection plate, or applying ultrasonic energy—
directly, or indirectly to the covered collection plate in a water
bath maintained at the effective working temperature.

The cell materials exposed to the solvents then comprise
mixtures of soluble and insoluble materials unique to each
solvent, respectively. For best results, it is important to sepa-
rate soluble extracted material from insoluble material. If this
is not done, a low signal to noise ratio, relative to purification
in the same solvent conducted without separation of soluble
and insoluble material, will be realized. In some cases the
result may not be obtained at all without the initial separation
of insoluble material, and the affinity chromatography may
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simply fail. Typically, separation is accomplished in single
filtration tubes containing a single filtration media by cen-
trifugation under high centrifugal forces. Generally high
speed centrifugation rates of about 15,000 g or higher are
accepted as standard.

Filter well formats of a single barrel filtration well, and a
multi-well format of 6 wells, 24 wells, 96 wells, 192 or 384
wells is preferred. Such multi-well filter plates may comprise
2x3, 4x6, 8x12, 2(8x12), or 16x24 rectangular arrays of the
single barrel filtration wells. These rectangular arrays may be
composed of appropriate numbers of single barrel filtration
wells adapted to be disposed in the preferred rectangular
arrays. However, the method is not restricted explicitly to this
form of cell material or to this precise number of sample wells
as a format. Lesser sample-well formats restrict the parallel-
ization (or throughput) of the method, where as greater
sample-well formats (if plate size is held constant) are con-
strained by quantities of input cell material and liquid volume
that can fit in the wells. More sensitive output detection meth-
ods can facilitate an easy use of this method with less material
and greater sample-well formats with the same plate size.
Affinity Chromatography Separation

The cell materials exposed to the solvents then comprise
mixtures of soluble and insoluble materials in the collection
plates is transferred to a single barrel filtration well or multi-
well filter plate apparatus of the instant invention. In the
single barrel filtration well or multi-well filter plate the
insoluble materials are retained in the single barrel filtration
well or multi-well filter plate and the filtrate is collected in a
second collection plate. The second collection plate has an
array of individual collection zones which correspond to the
position and number of filter wells in the multi-well filtration
plate. Each individual collection zone of the second collec-
tion plate contains affinity beads. The filtration step is facili-
tated by subjecting the filtration well(s) to centrifugation or
by the applying positive pressure to carry out the filtration in
a time period of less than about 5 minutes. In the instant
method, as it is not possible nor practical to expose a 96-well
format microtiter plate to a centrifugation at a relative cen-
trifugal force (RCF) of 15,000 or greater, because the plate
construction materials do not usually withstand this force and
common centrifugal adapters for this form and force are not
readily available. Surprisingly, the present invention over-
came the problem of separation of the soluble extract from the
insoluble material in the microtiter format by the develop-
ment of a deep bed filtration kit which permitted acceptable
separations using an effective centrifugation rate preferably
at levels of 5,000 RCF or less. More preferably, the effective
centrifugation rate of the present invention is a low speed
centrifugation rate of between about 1500 and 2500 g.
Optionally, an effective positive pressure of from 40 to 50
psig applied to the upper filtration zone of each filtration well
may be employed. Various combinations and a wide variety
of filtration materials were considered which would meet the
following specifications:
low liquid retention
low adsorption of protein
give a result comparable or superior to high speed centrifu-

gation
Centrifuge and Collect Filtrate

After transfer of the mixed extract to the filter, the dispersed
and at least partially solubilized cell material is passed
through the filter plate. This is currently achieved by low-
speed centrifugation, but this could also be achieved by the
application of positive pressure. The solution that passes
through the filter (filtrate) is deposited into the second collec-

10

15

20

25

30

35

40

45

55

60

65

10

tion plate onto the affinity resin material. The insolubles are

trapped in the filter and the filter is discarded.

Batch Binding/Incubation
The collection plate with filtrate and affinity beads are then

incubated in a process referred to as batch binding—when the

affinity tagged molecule is allowed time to bind to its binding
partner while mixing. This step is routinely carried out at 4°

C., which generally stabilizes protein interactions and mini-

mizes protease catalyzed sample degradation.

After batch binding, the solution must be removed from the
affinity resin. That is, the unbound liquid material removed
from the beads. This is easily accomplished using magnetic
beads, or more particularly super-paramagnetic beads, as
employed in the process of the present invention. Accord-
ingly, the collection plate, following batch binding, is placed
onto a magnet designed for 96-well collection plates. The
magnetic field causes the magnetic beads to adhere to the side
of'the collection plate. The remaining solution is removed by
pipetting. After the removal of the solvent, the magnetic
beads are washed with several changes of the same buffer
solution in which they were extracted to remove the remain-
ing unbound liquid material. Optionally, non-magnetic affin-
ity beads may be employed. When non-magnetic affinity
beads are employed, after the batch binding step, the bound
non-magnetic beads are washed and separated from separated
from the unbound material in the conventional manner, for
example by centrifugation.

Transfer of Washed Beads to Second Filtration Zone
After washing, the beads are transferred to a second filtra-

tion zone. The liquid used to transfer the batch bound affinity

beads is spun through second filtration zone, constituting a

final wash, and leaving the beads deposited on the surface of

the membrane in the second filtration zone. An elution solu-
tion is added to the batch bound beads in the second filtration
zone, and the batch bound beads are held in the elution solu-
tion while mixing for some time to permit incubation. During
this period, the interaction between the affinity tagged protein
and the batch bound beads is interrupted by the elution solu-
tion. The elution solution is also of a generally denaturing
character (such as a solution containing SDS or urea etc.),
although a native elution using a reagent that disrupts specifi-
cally the affinity-tag interaction, leaving other physiological
interactions intact, is also perfectly feasible in this approach.

Centrifugation and Recovery
After the incubation period, the filter plate is transferred to

anew collection plate and the elution solution is collected by

centrifugation. The filter plate retains the beads and is dis-
carded. The eluted material can then be subjected to down-
stream interrogation by molecular analytical processes.

Examples include SDS-PAGE, liquid chromatography (gel

filtration, ion exchange, etc.), differential centrifugal sedi-

mentation, or other standard and custom molecular tech-
niques. In the context of proteomics, SDS-PAGE and mass
spectrometry (MS) or LC-MS/MS sequencing, directly,
would be used to characterize the composition of the sample.

The results are several-fold:

a comprehensive collection of purification standards, includ-
ing best conditions;

an understanding of network of interactions formed by the
protein of interest (its interactome under the conditions
examined); and,

a cross-reference between the conditions of isolation and the
resulting isolated proteins (proteome)—informing the
researcher about the physicochemical properties of the
isolated protein.

DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates an example of the top view of a multi-well
format multi-well filter plate 10 having a deep bed filtration
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zone of the present invention. The number of individual well
is illustrated with a 96-well arrangement, although any num-
ber of individual wells may be incorporated into the multi-
well filter plate 10 of the present invention depending upon
the desired sample size and the capacity of centrifugation and
solution dispensing equipment. Each of the individual wells
are isolated from the adjacent well. The multi-well format
multi-well filter plate 10 comprises a plurality of individual
filter wells 12. Further details of the structure of a 96-well
format multi-well filter plate will be discussed with reference
to FIG. 15 which represents a side cross-sectional view at
cross-section A-A on FIG. 1. Referring to FIG. 15, the filter
plate body 300 contains a plurality of individual filter wells
310. By way of example, each filter well has an upper filtra-
tion zone 320 and a lower filtration zone 330. Between the
upper filtration zone 320 and the lower filtration zone 330, a
support means is provided to support a retainer ring (not
shown). The support means may be any mechanical means to
support the retainer ring including a ridge or lip; or the upper
filtration zone 320 may have a different geometry (e.g.,
square, triangular, or cylindrical) than the lower filtration
zone 330, such as the upper filtration zone 320 having a
square cross-sectional area and an open upper end, and the
lower filtration zone 330 having a cylindrical cross-sectional
area. Each individual filter well has conical flow director zone
340 and an elution tip 350, such that the upper filtration zone
320 is in fluid communication with the lower filtration zone
330, and the lower filtration zone is in fluid communication
with the conical flow director zone 340 and the elution tip
350.

FIG. 2 is a simplified drawing of a single barrel filtration
well or an individual filtration well 200 in the 96-well format
multi-well filter plate having a deep bed filtration zone of the
present invention. The multi-well filter plate comprises a
plurality of the individual filtration well 200. Each filtration
well is aligned with the array of individual collection zones of
a collection plate (not shown). The filtration well comprises
an upper filtration zone 220, a lower filtration zone 280, a
conical flow director zone 260, and an elution tip 270. The
upper filtration zone 220 has a square cross-section, and the
lower filtration zone 280 has a cylindrical cross-section. The
upper filtration zone 220, a lower filtration zone 280, a conical
flow director zone 260, and an elution tip 270 are in fluid
combination such that fluid may flow from the upper collec-
tion zone 205 through the elution tip 270 when positive pres-
sure is applied to the upper collection zone 205, or when the
multi-well filter plate is subjected to centrifugation forces up
to or equal to about 5,000 RCF. A retainer ring 230 is disposed
within the lower filtration zone 280 such that the retainer ring
permits fluid communication between the upper filtration
zone 220 and the lower filtration zone 280. The upper filtra-
tion zone 220 comprises an upper collection zone, 205, a
sponge zone 210, and a deep bed filtration zone 215. The
lower filtration zone 280 comprises a membrane 240 and a
lower bed filtration media 250. The upper collection zone 205
provides a holding space of between 1-2 ml in a 96-well
format. Preferably, the upper collection zone 205 has a void
space volume of from 600 to 1200 mL. (microliters). More
preferably, the upper collection zone has a void space volume
of from 750 to 1000 mL.. The sponge zone 210 provides a
depth filter with a tortuous path to filter coarse particles of
proteins and fragments. The sponge zone comprises a filter
media selected from the group consisting of polyester, poly-
ethylene, glass fiber, PTFE, polypropylene, polycarbonate,
and mixtures thereof. The deep bed filtration zone 215 com-
prises a deep bed filter matrix effective to provide for removal
of insoluble protein fragments from a mixture of interacting

10

15

20

25

30

35

40

45

50

55

60

65

12

proteins, insoluble protein fragments disposed in a buffer

solution. Preferably, the deep bed filter matrix has a high

surface area for filtration of small particles and has a particle
size of from about 5 to about 105 um. More preferably, the
deep bed filter matrix with a high surface area for filtration of

small particles has a particle size of from about 5 to about 25

um. The deep bed filtration zone 215 comprises a deep bed

filter media selected from the group consisting of diatoma-
ceous earth, silica, activated carbon, FLORISIL (activated
magnesium silicate, available from U.S. Silica Company,

Berkeley Springs, W. Va.), glass wool, zeolites, and mixtures

thereof. Preferably, the deep bed filtration zone 215 com-

prises diatomaceous earth and has a particle size of from
about 5 to about 105 um, preferably 5 to 25 um. The retainer
ring 230 prevents channeling of lysates and bypass through
the deep bed filtration zone 215 and provides flow distribution
and protects the membrane 240 from dislocation thus pre-
venting the migration of particles from the deep bed filtration
zone 215 into the filtrate. The retainer ring 230 is an o-ring or

a screen comprising polypropylene or polyethylene. The sup-

ported hydrophilic membrane 240 provides a final clean up of

the filtrate with essentially no non-specific binding of pro-

teins. The supported hydrophilic membrane 240 comprises a

membrane media selected from the group consisting of

hydrophilic PVDF, hydrophilic PTFE, hydrophilic polyeth-
ylene, and combinations thereof. Preferably, the supported
hydrophilic membrane 240 comprises polyester with hydro-
philic PVDF or polypropylene with hydrophilic PVDF to

provide a hydrophilic membrane porosity of from 0.2 to 1.2

um. More preferably, the hydrophilic membrane porosity of

the supported hydrophilic membrane 240 is about 0.2 to about

0.45 um. The lower bed filtration media 250 provides mem-

brane support and is selected from the group consisting of

polyester, polyethylene, glass fiber, PTFE, polypropylene,
polycarbonate, and mixtures thereof. Optionally, a second
retainer ring (not shown) can be disposed between the sup-
ported hydrophilic membrane 240 and the lower bed filtration
media 250 to provide additional support to the supported

hydrophilic membrane 240.

FIG. 3 illustrates an array of filtration plates and collection
plates comprising the kit of the present invention for the
collection and analysis of the proteome on an industrial level
in a high-throughput format. The kit comprises:

a. a first collection plate 110 for the deposition of the cell
grindate,

b. a removable cover plate 120 adapted for sealing and cov-
ering the first collection plate during the agitation of the
first collection plate to solubilize the protein following the
dispensing of the selected array of solvents to the first
collection plate,

c. a 96-well format multi-well filter plate 130 having a deep
bed filtration zone of the present invention to separate the
soluble cell material from the insoluble material,

d. a second collection plate 140 for collecting the filtrate from
the 96-well format multi-well filter plate 130 and for the
deposition of the affinity beads,

e. a second filtration plate 150 for retaining the affinity beads
during the washing steps and the elution and incubating
steps of the process of the present invention, and

f. a third collection plate 160 for collecting the purified inter-
acting proteins having been separated from the insoluble
protein fragments, or fragments of insoluble cellular
debris.

FIG. 4 illustrates a buffer plate having a typical array of
selected solutions which are arrayed in a 96-well or 96-cell
format to facilitate their use with the 96-well format multi-
well filter plate having a deep bed filtration zone of the present
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invention. The solvents may be selected for parallel analysis
or multiples of parallel analysis. The individual buffer com-
positions may be varied according to the objectives of the
analysis, or varied according the amount of protein sample
required for follow on analysis steps. As illustrated in F1G. 4,
the components of the individual buffer solutions in a 96-well
array is indicated by the symbol (A-J) for the bufter compo-
nents shown in Table 1 hereinbelow:

TABLE 1

Components of Buffer Array

Symbol Abbreviation Chemical Name
A AmAc, pH 7 Ammonium Acetate, CH;COONH,
B HEPES, pH 4-2-hydroxyethyl-1-piperazine ethane
74 sulfonic acid
C Tris, pH 8 Tris(hydroxymethyl)methylamine
D KOAc Potassium Acetate, CH;CO,K
E Na3Cit Trisodium Citrate
F KcCl Potassium Chloride
G NaCl Sodium Chloride
H TRITON X- Polyethylene glycol mono [4-(1,1,3,3-
100* tetramethylbutyl)
phenyl] ether
I TWEEN 20%* Polyoxyethylene-20-sorbitane
monolaurate
7 CHAPS 3-[(3-cholamidopropyl)

dimethylammonio]-1-propanesulfonate

*TRITON X-100 (Available from Acros Organics)
**TWEEN 20 (Available from Fisher BioReagents)

The buffer compositions shown in each well or cell of the
96-well buffer array shown in FIG. 4 are expressed in the
concentration of individual components in milimolarity
(mM); that is, each row specifies a complete buffer solvent
with the concentration of each component specified in each
cell. In practice, the particular solvents and the number of
multiples in the buffer array will be selected by those skilled
in the art in response to the results of the proteome analyses
and the observed affinity of the desired interactions between
the selected solvents and the protein complexes.

FIG. 5 is a simplified process flow diagram illustrating the
steps of the purification process described hereinabove. The
steps of the process are as follows:

A. Prepare cell grindate and dispense the grindate powder
into first multi-well collection plate under cooling;

B. Dispense the selected solvent array individually into first
multi-well collection plate;

C. Cover and agitate first multi-well collection plate to solu-
bilize protein in the solvents;

D. Transfer the solubilized grindate into an array of corre-
sponding multi well first filtration zone comprising an
array of deep bed filtration zones;

E. Centrifuge and collect first filtrate array into a second
collection plate, each segment of which comprises affinity
beads;
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F. Batch binding the filtrate to the affinity beads and washing
the affinity beads in a magnetic field;

G. Transfer washed bead slurry to a second filtration zone to
retain the washed array of affinity beads;

H. Contact washed affinity beads in second filtration zone
with elution solution and incubating; and,

1. Centrifuge second filtration zone and recover array of puri-
fied affinity tagged protein in a third collection plate.
The following examples are provided to illustrate the

present invention and are not intended to limit the scope of the

claims that follow.

EXAMPLES
Example 1

A comparison of the efficacy of a series of filter types of the
present invention in a test spin column format with centrifu-
gation was prepared. With reference to FIG. 2, the combina-
tion of the components of each zone (Sponge Zone 210, Deep
Bed Filtration Zone 215, Retainer Ring 230, Membrane Zone
240, and Lower Bed Filtration Media Zone 250) of the indi-
vidual filtration wells is shown hereinbelow in Table 2 for
well filter types A through M.

TABLE 2

Individual Well Structure Types A-M

Well Sponge Deep Bed Ret. Membrane  Lower Bed

No. Zn Filtration Zn Ring Zn Filtration
A Polyester Acidic None Glass Fiber  Polyester

Alumina
B Polyester Acidic None 90um PE None
Alumina
C Polyester Alumina Neut. None Glass Fiber  None
D Polyester Alumina Neut. None 90um PE None
E Polyester Diatom. Earth None 90um PE None
F Polyester Diatom. Earth None Glass Fiber  Polyester
G Polyester Diatom. Farth None None Polyester
H Polyester Glass Wool Regen None Polyester
Cellu-
lose
I Polyester Silica Gel None PVDF Polyester
J  Polyester Silica Gel None None Polyester
K Polyester Silica Gel None 90um PE None
L Polyester Silica Gel None Glass Fiber  None
M Polyester Silica Gel None Regen Polyester
cellulose

As indicated hereinabove in Table 2, the individual zones
comprise materials such as polyester, acidic alumina, glass
fiber, alumina neutral, 90 um polyethylene (PE), PVDF,
diatomaceous earth, regenerated (Regen) cellulose, silica gel,
and a retainer ring. Table 3 describes the materials:

TABLE 3

Description of Material Layers in Filtration Wells

Filter Type

Description:

Surface

Pore Size Particle Size Area

Polyester
Acidic

Alumina
Alumina

Neut.

Acidic Alumina

Neutral Alumina

See Below**

40-63 um 150-155 m2/gm

40-63 um 100 m2/gm
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TABLE 3-continued

90 um PE Porous polyethylene 90 um Thickness

sheets 0.052 in--0.072 in
Glass Fiber  Glass Fiber 1.5 3.1 um
Diatom. Diatomatious Earth 5-106 um
Earth 5-25 um
Regen Regenerated 0.2 um-1 um Thickness
Cellulose cellulose membrane - 75 um

Hydrophilic
Glass Wool
Silica Gel Silica gel 60A 40-63 um
PVDF Polypropylene with 0.1 to 0.65 um

hydrophilic PVDF

Filtration area 0.1 m?,

height 0.6 inch

width 0.2 inch
Polyethylene Porous polyethylene 90-130 um

sheets

N/A

um-—micron
**Polyester Composition:

Component CAS No. Percent by Weight, wt-%
Tale 14807- 5-35
Polyester Fibers Mixture 5-45
Cured Resin Mixture 4-40
Polyester Scrim Backing Mixture 0-25
Nylon Film Backing Mixture 0-35
Fiberglass or Steel Core  Mixture 0-10

The objective of Example 1 was to screen a series of filtra-
tion well configurations by comparing the mass of pelleted
material from filtered samples with the mass of pelleted mate-
rial following conventional centrifugation. The individual
well filter types A-M employed standard centrifuge micro-
tube (1.5 ml to 2.0 ml) or spin tube. The amount of material
provided in the deep bed filtration zone of each spin tube
ranged from about 150 to about 200 mg and a particle size
from about 10 to about 106 um effective to provide course
separation of course particles of insoluble proteins and pro-
tein fragments from a mixture of interacting proteins,
insoluble protein fragments, and protein fragments in a buffer
solution.

According to the procedure of the current invention, each
well filter run consisted of the following steps:

Haploid yeast cells genomically tagged with Protein A at
the Nup53 allele (NUP53-PrA, as Alber et al. Nature (2007)
vol. 450 (7170) pp. 695-701) were cryogenically disrupted
with a Ball Mill (e.g. RETCH PM 100 or MM 301, Available
from Retsch GmbH, Haan, Germany) or a mortar grinder to
provide a Nup53-PrA yeast cell powder at cryogenic condi-
tions. Each sample 100 mg of the Nup53-Pra powder material
was solubilized with 350 ulL of a buffered solution (extraction
buffer) consisting of 40 mM Tris (tris(hydroxymethyl)gly-
cine), 250 mM trisodium citrate, 150 mM sodium chloride,
1% v/v TRITON X-100 (polyethylene glycol mono [4-(1,1,
3,3-tetramethylbutyl)phenyl ether, Available from Acros
Organics and Fisher Scientific), and protease inhibitors
(Available from Sigma-Aldrich). For each well filter A-M-
type tested, 350 ulL of the buftered Nap53 solution sample,
prepared as above, was pipetted into each individual filtration
well or tube. Each of the individual filtration wells was spun
in a BECKMAN ALLEGRA 6R centrifuge with a GH-3.8
rotor (Available from Beckman Coulter, Inc., California) at
3000 rpm (about 2100 RCF), at 4° C., for 20 minutes. Each
filtrate was collected in a collection tube. A control sample
was clarified, without filtration, by centrifugation for 20 min-
utes at 14000 RPM (about 20,800 RCF) at 4° C. in an EPPEN-
DORF 5417 R MICROFUGE w/F45-30-11 rotor (Available
from Eppendorf International, Germany). Each filtrate col-
lected was further centrifuged in the same manner as the
control (centrifuge only) sample. The weights of the pellets
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obtained upon filtration followed by centrifugation (using
each different configuration, respectively), were compared to
the weight of a pellet obtained by centrifugation only. The
difference between the two pellet masses was taken as the
measure of material removed from the buffered solution by
the filter—as a substitute for centrifugation.

Tubes F and [ showed the best performance based on reten-
tion of insolubles as shown in Table 4 hereinbelow:

TABLE 4

Example 1 Performance Results

Code Tube (mg) Tube + Pellet  Diff., mg % Centrifuged
F 1012.4 1023.6 11.2 28
I 990.8 1014.9 24.1 60
Centrifuged 1098.3 11.38 40.5 N/A

The performance of the other individual filtration well
configurations was shown to be insufficient based on their
failure to retain the insoluble cell material.

Example 2

The filtrate material obtained from filtration wells F and 1
were compared with the supernatant from the centrifuged
control sample of Example 1 to determine their relative per-
formance in an affinity chromatography experiment. In
Example 2, filtrates I and F were not further clarified by
centrifugation, but used directly as material from which to
purity Nup53-PrA. Each of the filtrates or centrifugal super-
natant was transferred to tubes containing 10 ul. of a slurry
containing magnetic beads conjugated with rabbit IgG
(Available from DYNAL, INVITROGEN, Life Technolo-
gies, California, USA). The magnetic beads were resus-
pended in the filtrate by inversion and incubated for 1 hour at
4° C. with continuous rotation. After incubation, the tubes
were placed on a magnet and the beads were washed 3 times
with 600 ulL of the extraction buffer of Example 1. After
washing each lot of beads was resuspended in the extraction
buffer and transferred to a 0.2 mL microcentrofuge tube,
respectively. Finally, each was eluted in 25 uL. of LDS solu-
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tion (lithium dodecyl sulfate, available from INVITROGEN,
Life Technologies, California, USA) and incubated 10 min-
utes at RT with mechanical mixing. The tubes were placed on
a magnet and the LDS solution removed, combined with a
reducing agent, and heated at 75° C. for 10 minutes before
being analyzed by SDS-PAGE (NuPAGE system, Available
from INVITROGEN, Life Technologies, California). The
comparison is shown in FIG. 6 which illustrates that the
background pattern of the stain were substantially similar for
the filtered samples F and I; despite being notably different
from the centrifuged sample.

FIG. 6 shows a comparison of filtration devices F and Ito
centrifugation (ctrl). Shown are LDS elutates from beads
used for affinity chromatography (NupS3-PrA) carried out on
lysates cleared by filtration (devices F or I) or centrifugation
(two independent trials, labeled ctrl). Protein bands were
visualized by COOMASSIE staining upon separation of the
sample contents by SDS*PAGE. A molecular weight marker
(Mr) is provided for orientation, with masses indicated in
kDa. Labeled are two areas of the gel used for qualitative
comparison: 1) a high molecular weight region where filtra-
tion and centrifugation yielded similar results, and here the
material was known to be specific Nup53-associated pro-
teins; and 2) a region on the gel where filtration differs from
centrifugation, and where the material was most likely to be
non-specific background due to inadequate clearance of the
lysate by filtration.

Example 3

Following the procedure of Example 1, an additional set of
filtration well structures T, U, V, and D were prepared as
individual 2 mL spin tubes and compared with filtration wells
A, Tand F of Example 1 as the following series of individual
well structures employing diatomaceous earth or silica gel
with combinations of membranes. Each spin tube comprised
from about 100 mg to about 300 mg of diatomaceous earth or
silica gel with a particle size effective to provide 0.5 micron
filtration clearance. The structures of the multi-layer filtration
spin tubes of Example 3 are shown in Table 5. In spin tubes T,
U, V and D, a retainer ring is placed at the top of the well and
the deep bed filter matrix is indicated in the column headed,
“Ret.Ring”. In spin tubes A, F and I, no retainer ring is present
and the column heading indicates the content of the interme-
diate layer. In wells A, F and I, the deep bed filter matrix
materials were acidic alumina, diatomaceous earth, and silica
gel, respectively.

TABLE §

Structure of the Spin Tubes of Example 3 by Zone (Zn)

Well Sponge Deep Bed Ret. Ring Membrane  Lower Bed
No. Zn Filtration Zn Zn Zn Filtration Zn
T Polyester Diatom. Diatom. Glass Fiber  PVDF/
Earth Earth Polyester
U Ret.Ring Polyester Diatom Glass Fiber  PVDF/
Earth Polyester
300 mg
V  Ret.Ring Polyester Diatom Glass Fiber  Polyester
Earth Fine
D Ret. Ring Polyester Diatom Glass Fiber  Polyester
Earth Fine
A Polyester Acidic None Glass Fiber  Polyester
Alumina
F Polyester Diatom. None Glass Fiber  Polyester
Earth
I Polyester Silica Gel None PVDF Polyester
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The results of the analysis of Example 3 are shown in the
following Table 6.

TABLE 6

Results of Example 3 Spin Tubes T, U, V, W. F, and I:

Code Tube (mg) Tube + Pellet  Diff., mg % Centrifuged
T 1004.5 1013.6 9.1 20
U 1015.6 1023.4 7.8 17
A% 999.3 1024.4 16.4 36
w 1008.2 1046.0 38.4 84
F 990.2 1001.1 11 24
I 994.4 1030.2 35.8 78
Centrifuged 1099.5 11453 45.8 N/A

The results in Table 6 showed that sample individual wells
T, U and F provided the best performance. FIG. 7 represents
a comparison of the Centrifuged control to the filtered
samples using devices T, U, and F, by SDS-PAGE (sodium
dodecyl sulfate-polyacrylamide gel -electrophoresis,
NuPAGE system, Available from INVITROGEN, Life Tech-
nologies, California). The experiments were carried out as
described previously, but in this case two distinct solvents
were used in two respective experiments: the previously used
extraction buffer, and another buffer which differed in the
amount of trisodium citrate (50 mM) and NaCl (300 mM)
present. Gel electrophoresis images of the T, U and F samples
showed that the results were all significantly similar to the
centrifugation results as assessed by the quality of an affinity
purification of Nup53-PrA.

FIG.7. Shows a comparison of filtration devices T, U, F and
to centrifugation (ctrl). Shown in FIG. 7 are LDS elutates
from beads used for affinity chromatography (Nup53-PrA)
carried out on lysates cleared by filtration (devices F or I) or
centrifugation (ctrl), in two different buffer systems:

A: 40 mM Tris pH 8.0, 50 mM trisodium citrate, 300 mM

NaCl. 1% v/v TRITON X-100; and
B: 40 mM Tris pH 8.0, 250 mM trisodium citrate, 150 mM
NaCl. 1% v/v TRITON X-100.

Protein bands were visualized by COOMASSIE staining
upon separation of the sample contents by SDS-PAGE. A
molecular weight marker (Mr) was provided for orientation,
with masses indicated in kDa. In FIG. 7, two areas of the gel
used for qualitative comparison are labeled as in FIG. 6. In
this Example 3, a significant improvement in the quality of the
filtrates relative to the centrifuged samples (Compare to FIG.
6 of Example 2.) was observed.

Example 4

96 Well Filter Plate

A performance test was made using of a 96 well filter plate
having the structure shown in Table 7, hereinbelow. The mate-
rials shown in Table 7 include polyester, diatomaceous earth,
and PVDF membrane as defined in Table 2 of Example 1. In
order to avoid channeling and provide a more even distribu-
tion through the filtration well, the retainer ring was provided
between the diatomaceous earth layer and the PVDF mem-
brane. Each well of the 96 well filter plate was prepared
adding each of the materials shown in Table 7 to the each well
in the order from bottom to top and pressing or pressing each
material firmly into each well as shown in Table 7, with
reference to FIG. 2. The lower bed filtration media 250 com-
prising polyester as defined hereinabove in Table 7 was
pressed into each well to a height of about 0.5 cm. A mem-
brane layer 250 of PVDF was pressed in place over the lower
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bed filtration media. The PVDF comprised polypropylene
with a hydrophilic PVDF filtration area of 0.1 m* and having
a height of 0.6 inches. A retainer ring 230 comprising
polypropylene, of 42 inch in height, was pressed in place over
the membrane layer to prevent lysate channeling in the indi-
vidual filter well. The Deep Bed Filtration zone 215 was filled
with 400 mg of diatomaceous earth and pressed in place over
the retainer ring. The polyester material as defined herein-
above in Table 3 was pressed in place over the Deep Bed
Filtration zone 215 to a height of about 0.5 cm to form the
Sponge Zone 210. An upper collection zone 205 being a void
space of about 1200 uL. (microliters) above the sponge zone
was maintained to permit the introduction of liquid samples
for analysis.

TABLE 3

96 Well Filter Plate Structure (With Reference to FIG. 2)

Filtration
Reference No. Contents Porosity, um

205 Upper Collection Zone (Void) N/A
210 Sponge zone, Polyester
215 Deep bed filtration zone,

Diatomaceous Earth
230 Retainer Ring
240 Membrane, PVDF 0.2 micron
250 Lower Bed filtration

media, Polyester

According to the procedure described herein above in
Example 3, a 150 mg sample of a yeast material expressing
Nupl-PrA (Disclosed in Alber et al. Nature (2007) vol. 450
(7170) pp. 695-701.) was dispensed in each well across a
96-well collection plate. 600 ulL of each buffered extraction
solvent, the 96 different buffer solvents comprising the com-
positions in the buffer array of solvents shown in FIG. 4,
respectively.

The collection plate was covered and sonicated in a SONI-
CATOR water bath sonication device (Available from
QSonica, LLC, Connecticut, USA) followed by mechanical
agitation to suspend the powder in the buffered extraction
solvents. The resulting suspensions were individually trans-
ferred to a 96-well format filter plate, each well having the
structure shown in Table 7. The 96-well filter was spun for
about 5 minutes at 3.5 k rpm (corresponding to ~3 k RFC) on
a JS-5.3 rotor (Available from Beckman Coulter, Inc., Cali-
fornia). The liquid filtrates from the 96-well filter were col-
lected in a second collection tray having 96 corresponding
cells. Each cell of the second collection plate contained 5 ul
slurry of rabbit IgG-conjugated magnetic beads (DYNA-
BEADS, Available from INVITROGEN, Life Technologies,
California). The second collection tray was agitated to resus-
pend the magnetic beads, and batch binding was allowed to
proceed for 1 hr at 4° C. with rotational mixing. The beads in
each well were washed 2 times with 500 uL of the corre-
sponding buffer of extraction, and then resuspended in about
180 uLL of the corresponding buffer of extraction and trans-
ferred to a 0.45 um filter plate and cleared through the wells
by centrifugation, 5 minutes at 3 k in JS-5.3 rotor. An elution
solution of 18 ul. of LDS (NuPAGE loading buffer, available
from INVITROGEN, Life Technologies, California) was
added to the sample and they were subjected to mechanical
agitation for 10 minutes at room temperature (Shiva Shaker,
Available from Orochem, Lombard, I11.) and then the elution
was collected by centrifugation (in a final collection plate
with DTT, dithiothreitol) 5 minutes at 3 k rpm in the JS-5.3
rotor (as above). The collected samples were heated 10 min-
utes at 75 degrees C. and analyzed by SDS-PAGE (4-12%
Bis-Tris, NuPAGE, Available from INVITROGEN, Life
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Technologies, California) and COOMASSIE BLUE G250
staining (Available from INVITROGEN, Life Technologies,
California). The results of the 96-well analysis of the Nup1-
PrA powder using the buffer array shown in FIG. 4 are shown
in FIG. 8 as LDS elutates from beads used for affinity chro-
matography (Nupl-PrA) carried out on lysate samples
cleared by filtration from the 96-well filter. Protein bands are
visualized by COOMASSIE staining upon separation of the
sample contents by SDS-PAGE. The results show a range of
different purification profiles. The two strongest physiologi-
cal interactors are shown appearing in all of the wells. This
result suggests that none of the extraction solvents and con-
ditions used in the array of solvents shown in FIG. 4 were
sufficient to destroy interfaces between the high affinity inter-
actors, and that in several lanes or wells, new interactors Kap
95 and Kap 60 were observed. The array of results of Example
4 shown in FIG. 8 is consistent with and equivalent to a series
of individual determinations using affinity chromatography
with the same buffer solutions using conventional high speed
centrifugation in a serial manner.
The invention claimed is:
1. A multi-well filter plate for the simultaneous and parallel
purification and analysis of interacting proteins by affinity
chromatography, said multi-well filter plate being adapted for
separation of interacting proteins from a mixture of interact-
ing proteins, insoluble protein fragments, and protein frag-
ments by low speed centrifugation or positive pressure and
comprising a plurality of filtration wells, each filtration well
consisting of
an upper sample zone;
a lower filtration zone;
a conical flow director zone; and,
an elution tip,
wherein the upper sample zone and the lower filtration
zone are separated by a retainer ring disposed within the
lower filtration zone, the retainer permitting fluid com-
munication between the upper sample zone and the
lower filtration zone;
wherein said upper sample zone comprises an upper col-
lection zone, a sponge zone comprising a depth filter
media consisting of polyester, and a deep bed filtration
zone comprising a deep bed filter matrix selected from
the group consisting of diatomaceous earth and silica
gel; and,
wherein the lower filtration zone comprises the retainer
ring, a supported hydrophilic membrane comprising
polyester with hydrophilic PVDF or polypropylene with
hydrophilic PVDF, and-a lower bed filtration media
selected from the group consisting of none or polyester,
and wherein the retainer ring is an o-ring comprising
polypropylene or polyethylene, and optionally dispos-
ing a second retainer ring below the lower bed filtration
media to support the supported hydrophilic membrane;

whereby interacting proteins collected from each filtration
well without further clarification by centrifugation are
directly bound with affinity beads.

2. The multi-well filter plate for the simultaneous and par-
allel purification and analysis of interacting proteins by affin-
ity chromatography of claim 1, wherein the plurality of fil-
tration wells comprises 96 filtration wells.

3. The multi-well filter plate for the simultaneous and par-
allel purification and analysis of interacting proteins by affin-
ity chromatography of claim 1, wherein the supported hydro-
philic membrane consists of polypropylene with hydrophilic
PVDF.

4. The multi-well filter plate for the simultaneous and par-
allel purification and analysis of interacting proteins by affin-
ity chromatography of claim 1, wherein the supported hydro-
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philic membrane has a hydrophilic membrane porosity of
from about 0.2 to about 0.45 um.

5. The multi-well filter plate for the simultaneous and par-
allel purification and analysis of interacting proteins by affin-
ity chromatography of claim 1, wherein the deep bed filter
matrix consists of diatomaceous earth.

6. The multi-well filter plate for the simultaneous and par-
allel purification and analysis of interacting proteins by affin-
ity chromatography of claim 5, wherein the diatomaceous
earth has a particle size of from about 5 to about 105 um.

7. The multi-well filter plate for the simultaneous and par-
allel purification and analysis of interacting proteins by affin-
ity chromatography of claim 5, wherein the diatomaceous
earth has a particle size of from about 5 to about 25 um.

8. The multi-well filter plate for the simultaneous and par-
allel purification and analysis of interacting proteins by affin-
ity chromatography of claim 1, wherein the sponge zone
provides a depth filter effective to provide a tortuous path to
filter coarse particles of insoluble proteins and protein frag-
ments from a mixture of a mixture of the interacting proteins,
insoluble protein fragments, protein fragments and a buffer
solution.

9. The multi-well filter plate for the simultaneous and par-
allel purification and analysis of interacting proteins by affin-
ity chromatography of claim 1, wherein the sponge zone
comprises a depth filter media consists of polyester.

10. A multi-well filter plate for the simultaneous and par-
allel purification and analysis of interacting proteins by affin-
ity chromatography, said multi-well filter plate being adapted
for separation of interacting proteins from a mixture of inter-
acting proteins, insoluble protein fragments, and protein frag-
ments by low speed centrifugation or positive pressure and
comprising a plurality of filtration wells, each filtration well,
consisting of

an upper sample zone;

a lower filtration zone;

a conical flow director zone; and,

an elution tip,

wherein the upper sample zone and the lower filtration

zone are separated by a retainer ring disposed within the
lower filtration zone, the retainer permitting fluid com-
munication between the upper sample zone and the
lower filtration zone;

wherein said upper sample zone comprises an upper col-

lection zone, a sponge zone comprising a depth filter
media consisting of polyester, and a deep bed filtration
zone comprising a deep bed filter matrix consisting of
diatomaceous earth; and,

wherein the lower filtration zone comprises the retainer

ring, a supported hydrophilic membrane consisting of
polypropylene with hydrophilic PVDF, and-a lower bed
filtration media, wherein the retainer ring is an o-ring
comprising polypropylene, and, wherein the lower bed
filtration media is selected from the group consisting of
none and polyester, and disposing a second retainer ring
below the lower bed filtration media to support the sup-
ported hydrophilic membrane whereby interacting pro-
teins collected from each filtration well without further
clarification by centrifugation are directly bound with
affinity beads.

11. The multi-well filter plate for the simultaneous and
parallel purification and analysis of interacting proteins by
affinity chromatography of claim 1, wherein the upper col-
lection zone has a void space volume which is equal to or
greater than a filter space volume, wherein the filter space
volume comprises the sponge zone, the deep bed filtration
zone, and the lower filtration zone.

12. The multi-well filter plate for the simultaneous and
parallel purification and analysis of interacting proteins by
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affinity chromatography of claim 1, wherein the upper col-
lection zone has a void space volume of from 600 to 1200
microliters.

13. The multi-well filter plate for the simultaneous and
parallel purification and analysis of interacting proteins by
affinity chromatography of claim 1, wherein the upper col-
lection zone has a void space volume of from 750 to 1000
microliters.

14. The multi-well filter plate for the simultaneous and
parallel purification and analysis of interacting proteins by
affinity chromatography of claim 1, wherein plurality of fil-
tration wells is selected from the group consisting ot 6, 24, 96,
and 192 filtration wells.

15. The multi-well filter plate for the simultaneous and
parallel purification and analysis of interacting proteins by
affinity chromatography of claim 1, wherein low speed cen-
trifugation comprises centrifugation rates of from 1500 to
2500 g.

16. The multi-well filter plate for the simultaneous and
parallel purification and analysis of interacting proteins by
affinity chromatography of claim 1, wherein the positive pres-
sure applied to the upper sample zone ranges from about 40 to
about 60 psig.

17. The multi-well filter plate for the simultaneous and
parallel purification and analysis of interacting proteins by
affinity chromatography of claim 1, wherein the upper sample
zone has a square cross section and the lower filtration zone
has a cylindrical cross section.

18. A kit for the simultaneous and parallel purification and
analysis of interacting proteins in an affinity chromatography
process, said kit comprising at least one or more of the fol-
lowing:

a. a collection plate having an array of individual collection

zones,

b. buffer plate having an array of solvent reservoirs corre-
sponding the array of individual collection zones in the
collection plate,

c. a multi-well filter plate being adapted for separation of
interacting proteins from a mixture of interacting pro-
teins, insoluble protein fragments, and protein frag-
ments by low speed centrifugation or positive pressure
comprising a plurality of filtration wells, each filtration
well being aligned with the array of individual collection
zones of the collection plate, wherein each filtration well
consists of an upper sample zone, a lower filtration zone,
a conical flow director zone, and an elution tip, said
upper sample zone and said lower filtration zone being
separated by a retainer ring disposed within the lower
filtration zone, said retainer ring permitting fluid com-
munication between said upper sample zone and said
lower filtration zone, said upper sample zone comprising
an upper collection zone, a sponge zone comprising a
depth filter media consisting of polyester, and a deep bed
filtration zone comprising a deep bed filter matrix con-
sisting of diatomaceous earth, said lower filtration zone
comprising the retainer ring, a supported hydrophilic
membrane consisting of polypropylene with hydro-
philic PVDFE, and a lower bed filtration media selected
from the group consisting of none and polyester, and
optionally a second retainer ring is disposed below the
lower bed filtration media to support the supported
hydrophilic membrane, wherein said first and second
retainer rings are o-rings comprising polypropylene or
polyethylene whereby interacting proteins collected
from each filtration well without further clarification by
centrifugation are directly bound with affinity beads;
and

d. a removable cover plate adapted to sealably cover the
individual collection zones of the collection plate.
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19. The kit for the simultaneous and parallel purification
and analysis of interacting proteins in an affinity chromatog-
raphy process of claim 18, wherein the array of solvent res-
ervoirs contains aqueous solvents wherein each of the solvent
reservoirs contains buffer solvent comprising water and a
buffering agent or at least one salt or at least one detergent.

20. The kit for the simultaneous and parallel purification
and analysis of interacting proteins in an affinity chromatog-
raphy process of claim 19, wherein the buffer solvent com-
prises a buffering agent having a concentration range effec-
tive to equilibrate dispersed and/or at least partially
solubilized cell extract.

21. The kit for the simultaneous and parallel purification
and analysis of interacting proteins in an affinity chromatog-
raphy process of claim 19, wherein the at least one salt is a
chaotropic salt or a kosmotropic salt, or a combination of
thereof.

22. The kit for the simultaneous and parallel purification
and analysis of interacting proteins in an affinity chromatog-
raphy process of claim 19, wherein the at least one salt is a
single salt having both a choatropic component and a kosmo-
tropic component.

23. The kit for the simultaneous and parallel purification
and analysis of interacting proteins in an affinity chromatog-
raphy process of claim 19, wherein the at least one detergent
is selected from the group consisting of a nonionic detergent,
an ionic detergent, and a zwitterionic detergent.

24. The kit for the simultaneous and parallel purification
and analysis of interacting proteins in an affinity chromatog-
raphy process of claim 19, wherein the buffering agent is
selected from the group consisting of ammonium acetate,
4-2-hydroxyethyl-1-piperazine ethane sulfonic acid, and (hy-
droxymethyl)methylamine; the at least one salt is selected
from the group consisting of potassium acetate, trisodium
citrate, potassium chloride, and sodium chloride; and, the at
least one detergent is selected from the group consisting of
polyethylene glycol mono [4-(1,1,3,3-tetramethylbutyl)phe-
nyl]ether, polyoxyethylene-20-sorbitane monolaurate, and
3-[(3-cholamidopropyl)dimethylammonio]-1-propane-
sulfonate.

25. The kit for the simultaneous and parallel purification
and analysis of interacting proteins in an affinity chromatog-
raphy process of claim 18, wherein the buffer plate is a
96-well format, wherein each of the reservoirs contains a
buffer solvent composition according to the array shown in
FIG. 4 wherein solvent composition of each reservoir of the
array is indicated by the following symbol:

Symbol Chemical Name

Ammonium Acetate, CH;COONH,
4-2-hydroxyethyl-1-piperazine ethane
sulfonic acid
Tris(hydroxymethyl)methylamine
Potassium Acetate, CH;CO,K

Trisodium Citrate

Potassium Chloride

Sodium Chloride

Polyethylene glycol mono
[4-(1,1,3,3-tetramethylbutyl)phenyl] ether
Polyoxyethylene-20-sorbitane monolaurate
3-[(3-cholamidopropyl)
dimethylammonio]-1-propanesulfonate

A
B

TQHEoOon
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26. The kit for the simultaneous and parallel purification
and analysis of interacting proteins in an affinity chromatog-
raphy process of claim 18, further comprising a second filter
plate for separating washed affinity beads, a third collection
plate for retaining affinity beads on elution, and a second
collection plate for collecting eluted material.

27. The kit for the simultaneous and parallel purification
and analysis of interacting proteins in an affinity chromatog-
raphy process of claim 18, wherein the array of individual
collections zones comprises 6, 24, 96, or 192 individual col-
lection zones.

28. The kit for the purification and analysis of interacting
proteins in an affinity chromatography process of claim 18,
wherein the individual collection zones of the collection plate
have a lower closed end and an upper open end and a cross
section of the lower closed end has a u-shape or a v-shape.

29. A single barrel filtration well for separation of interact-
ing proteins from a mixture of interacting proteins, insoluble
protein fragments, and protein fragments and purification and
analysis of interacting proteins by affinity chromatography,
said single barrel filtration well consisting of:

an upper sample zone;

a lower filtration zone;

a conical flow director zone; and,

an elution tip;

wherein the upper sample zone and the lower filtration

zone are separated by a retainer ring disposed within the
lower filtration zone, the retainer ring permitting fluid
communication between the upper sample zone and the
lower filtration zone;

wherein said upper sample zone comprises an upper col-

lection zone, a sponge zone, and a deep bed filtration
zone;
wherein said sponge zone comprises a depth filter media
consisting of polyester, and said deep bed filtration zone
comprises a deep bed filter matrix selected from the
group consisting of diatomaceous earth and silica gel;

wherein the lower filtration zone comprises the retainer
ring comprising polypropylene or polyethylene, a sup-
ported hydrophilic membrane comprising polyester
with hydrophilic PVDF or polypropylene with hydro-
philic PVDF having a hydrophilic membrane porosity of
from about 0.2 to about 0.45 um, and a lower bed filtra-
tion media selected from the group consisting of none
and polyester, and optionally, a second retainer ring
disposed below the lower bed filtration media to support
the supported hydrophilic membrane; and,

wherein the upper collection zone has a void space volume

which is equal to or greater than a filter space volume,
wherein the filter space volume comprises the sponge
zone, the deep bed filtration zone, and the lower filtration
zone, whereby interacting proteins collected from each
filtration well without further clarification by centrifu-
gation are directly bound with affinity beads.

30. A multi-well filter plate for purification and analysis of
interacting proteins by affinity chromatography comprising
2x3, 4x6, 8x12, or 2(8x12) rectangular arrays of the single
barrel filtration well of claim 29 adapted to be disposed in said
rectangular arrays to form the multi-well filter plate.
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